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PHYSICS
QUANTUM MECHANICS
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Paper : MPH-03
[Time: 3 Hours] [Maximum Marks: 80]
Note :-  The question paper is divided into three Sections A, B and C. Write answers as per the given

instructions. In case of any discrepancy, the English version will be final for all purposes.
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Section-A 8x2=16
(Very Short Answer Type Questions)
Note :-  Answer all questions. As per the nature of the question delimit your answer in one word, one
sentence or maximum up to 30 words. Each question carries 2 marks.
Gus— 3y’
@f g IR uwA)
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1. (1)  For spin half system :

Sz _) = g| _>

SZ|+> = 2c|+)
Symbols have usual meaning. What is the value of (b + ¢)?
Ra= a1l e & forg

Sz _) = g| _>

S.|+) = 2c|+)

TET Yl & AT 31ef B | (b 4 ¢) BT AF FIT BETT?
(ii)) The set of eigenfunctions ,, forms a complete set of normalized and
Orthogonal (Orthonormal) functions. Find the value of following function -

7 [W1W3dq + 3 [y P3dq + 2 [P, Pidq
JMSIAHET r,, T T YHATIGA 9 AaDh Bl 991 @ | 774 B &l
A =T BT —

7 W1W3dq + 3 [y P3dq + 2 [, Pidg
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(ii1) In total angular momentum representation
Jz[j, m) = blj, m)
What is the value of b?
Bl PIUI HAT dgfa §
Jz[j, m) = blj, m)
al b &1 AF T BRI?

(iv) Obtain the value of commutator [y, diy].

pHfafTHID [y,diy]an‘rqﬂaﬁfﬁﬁm

(v) The eigenvalue of a unitary operator is E + i§|.
What is the value of d?
ISl AHRS BT AT A |§+i§| 2 |
d & A9 T BII?
(vi) For the trace Tr(ABC) = Tr(CXY)
What are X and Y in terms of A, B, C?
¢ @ oy Tr(ABC) = Tr(CXY)
X @MY T A9 A, B, C & Ui § folRay |

(vil) What do you mean by Adiabatic Approximation with reference to Hamiltonian
of the system?

e & feaiFaa & <9 § v gfTdhedr I 3T R aEs 817
(viii) A wavefunction is given by -
L|J(X, y,Z, t) — Aei(Snt—4x—3y+Sz)

Find the unit vector representing the propagation of this wave function.

Th IR el 7 8 —
L|J(X, V.7, t) — Aei(Snt—4x—3y+Sz)
39 AN Bl RO $ Q9 # shis |fee 3d Ry |
Section-B 4x8=32
(Short Answer Type Questions)

Note :-  Answer any four questions. Each answer should not exceed 200 words. Each question
carries 8 marks.
Gue—g’
( oTg SN g )

ficer — &gl IR el & IR QAT | NI AU ITR BT DA 200 eai § GRAFT BIRTY |
Ud e 8 3id B ¢ |
2. What do you mean by inner product and outer product of a bra vector and a ket
vector?
U o1 AR g U de AR & AMRS qOF T a8l [0H I DT T daY
87
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3. Prove that the fundamental commutation relation

ih

[x, px] = on
remains unchanged under unitary transformation.
7E fig wRu & gena fafma aw

[x, px] = %
el wurRvr | a7 uRRafda gy wedn 2|

4, Using Heisenberg form of equation of motion, show that in the case of a stationary

state with a discrete spectrum the mean value of the momentum is 5 = 0.

eoidt T & FHHR I g qunen f& fafoh Waewm & wrer it sraven a1
AT HAT p = 0 Y& 2|

5. Explain the Spin Half Angular Momentum of an electron.
goide & I TBHUT BIUNT FAT Bl AHSV |
6. Briefly explain the Thomas-Fermi Statistical Model and Hartee’s Self-Consistent

Field Method under Central Field Approximation.
B &F Afdhedl @ I d [eld H AT BHT ARSI Afsd iR gav wd:
& Afsel F9eey |

7. Consider the following kets -

—5i 3
=2 )anaior = s |
i —9i

Is |{r) normalized? If not then normalize it. Are |{r) and |¢p) orthogonal? Check it.

=1 a1 ae & fog —

—5i 3
|¢)=< 2 ) ?f?lTld)):(Si)
i —9i

T |P) TG 27 AR |§) TAFRIGT 61 & Al THIHRI$Gd HIRT | R=T [ P)
qerm |b) ofed 2| 59 GIT'I%WI

8. Consider the state |) = |¢1> + = |c|)2) + = |c|)3) which is given by in terms of

three orthonormal eigen states |b1), D) and |b3) of an operator B such that
B|d,) = n? Icl)n) Find the expectation value of B for state |{s).

JIRAT [P) = |¢1> +—= |¢2> += |¢3>
APRE B & Eﬁ:f JAM Afgdhd 31|$4|-1 JTARAT | ), |dy) TAT |dsg) BT ARTY
Bl Elq)n) = nzlq)n)
e |YP)® foIw B T U A9 1 HIRTY |
0. Let a wave package be described at time t = 0 by
P(x,0) = Aexp (—§+ ikox)
Express Y(x, 0) as a superposition of plane waves.
IE WY 6 aTiee 99 t=0 W = @ve 9 far o7 @ -
P(x,0) = Aexp (—§+ ikox)
FAAA TR D NIRTT & B H Y(x,0) BT 6 DIV |
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Section-C 2x16=32
(Long Answer Type Questions)
Note :- Answer any two questions. You have to delimit your each answer maximum up to
500 words. Each question carries 16 marks.
grs—4'
(& ST )
fAde — 58 @ vl @ IR ARIT | MY U IR B AfdHad 500 wEl H aRIAAT BITg |
Ud e 16 3P T & |
10. (A)For Pauli matrices prove that -

[O’X, oy] = 2io,
(B) Explain Wentzel-Kramers-Brillouin approximation.
(A)ursell & Higar & fore Rig -1 —
[O’X, oy] = 2io,
(B)doiel HHR fiell| AfTdhedl A93Y |
11. Solve the Schrodinger wave equation for the case of Hydrogen atom and discuss

the 6 and ¢ solutions.
g SIo U] & fofy SNfETR AHIGRUT BT 8l BRI Yd O TAT ¢ Bl Dl AR
B |

12.  Suppose operator a satisfies [a,a*] = 1, then find the eigen values of the Hermitian

operator a* a. Also find eigen vectors of a* a. Here a* denotes the Hermitian
conjugate of a, and [a,a*] is commutator aat — a*a

Th HHRS a, [a,at] = 1 BT T BT ©, Al SHRAN FHRS at a & oy
I A9 ST HRT | ata & 3MsIT Afeer ff sd SISV | It at efilRRm
YT a Bl USRI &1 2| [a,at] w9 fAFI® aat —ata 7|

13. Explain the stationary perturbation theory for nondegenerate system.

Y e & forv wmi faemy Rigid daw=msy |
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